Abstract. Four patients with paraplegia at levels T3 or below were required to remain in the prone position for periods of 3 to 5 weeks following plastic surgical repair of their pressure ulcers. Serial nerve conduction studies permitted early identification of compromise of ulnar nerve function prior to onset of symptoms. These objective findings are helpful in encouraging patients to protect the nerve, thus preventing palsy.
Introduction
FOR the spinal cord injured persons the functional competence in the upper extremities is the key to their independence. Their vulnerability to pressure sore and its prevention is quite a formidable task. Many of these pressure sores are amenable to surgical repair. However, positioning required to avoid pressure on the operative site can often produce complications in remote areas. Following surgical repair of ischial and sacral ulcers, it is common practice to maintain the patient in the prone position to avoid pressure to the operative site. During waking hours patients in the prone position maintain the elbows in the fully flexed position for many hours to prop their heads on the hands. This manoeuvre adds further pressure to the ulnar nerve in the condylar tunnel as it is pressed against the bed, supporting the weight of the head and trunk. Because of its very significant role in the function of the hand, loss of ulnar nerve function in a paraplegic could reduce him to a life of dependence. This would be an inexcusable reduction of the patient's fuctional ability.
Method
Serial studies of ulnar nerve were performed on four patients with para plegia where prone positioning was required following surgical repair of pressure sores. Patients with spinal cord lesion at level T2 or below were selected to exclude patients that could have lost some function of the intrinsic muscles of the hand as a result of injury at higher levels. Motor nerve conduction studies were per formed to evaluate function of the ulnar nerve for the segments: Below elbow to wrist CBE-W), above elbow to wrist CAE-W) and the across elbow segment CAE-BE). Studies were performed using surface electrode techniques with pick-up from abductor digit minimi and commercially available electromyo graphic equipment.
Since we were aware of the possibility that ulnar nerve function could be compromised as a result of prone lying, all patients were supplied with padded elbow protectors. In addition, none of them had general anaesthesia for their surgery, thus reducing the risk of ulnar nerve damage from positioning on the operating table. No patient had complaints of paraesthesia, numbness or any other clinical symptom that would suggest compromise of ulnar nerve function. Two patients showed no change in any of the parameters measured. In spite of our concern and precautions for protecting the ulnar nerve and the absence of symptoms two patients developed changes that indicated some compromise of ulnar nerve function and are reported in detail.
Case reports
Case I: A 31-year-old male paraplegic, motor and sensory complete at T3 level since a gunshot injury 9 years earlier. Prone and side lying positioning was required following plastic surgery for repair of sacral and ischial pressure ulcerations. No complications in wound healing occurred and the patient discontinued the prone positioning on the 28th day. During the time in the prone position the patient had no motor or sensory complaints referable to the ulnar nerve.
Case 2: A 30-year-old male paraplegic, motor and sensory complete at T9 level following a vehicular accident 5 years ago. Prone lying was required following surgical repair of left ischial and left trochanteric ulcers on the same day. Prone positioning was dis continued by day 30. During the time in the prone position the patient had no motor or sensory symptoms referable to the ulnar nerve.
Results
Studies of ulnar nerve function prior to surgery were not available on these patients ( Table I) BE-W, below elbow to wrist; AE-W, above elbow to wrist; AE-BE, segment across elbow.
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for the segment AE-BE on the right at the time of the initial study. Distal latencies became prolonged and M-wave amplitudes had decreased by the time of the second study and returned to normal and near original values by the third study. In Case 2 the changes were considerably more subtle with no values outside the normal ranges. These changes would have been recognised except for serial studies. Velocity decreased for the segment AE-BE on the left side and returned almost to original values by the third study. The velocity changes for the other segments were of no significant help. As with Case I, there were sublte changes in the distal latencies and the M wave amplitudes decreased by 50 per cent bilater ally. These values returned to near original values for the fourth study.
Discussion
The elbow region is the most common site at which the ulnar nerve is vulner able. The best known and most studied ulnar nerve lesions are those which accompany bony abnormality or trauma at the elbow, e.g. fractures of the lower end of the hemerus, fractures of the medial epicondyle and elbow dislocation (Watson-Jones, 1930 ). Other factors implicated are 'traction neuritis' due to increased valgus deformity (Brickner, 1924) , 'friction neuritis' due to irregularity of the ulnar groove (Sheldon, 1921) , subluxation of the ulnar nerve in its groove due to lax ligaments (Platt, 1926) , ganglion, tumours, lacerations, etc.
The significance of the anatomic arrangement of the ulnar nerve at the elbow exposing it to pressure was recognised by Weir Mitchell (1872) more than a century ago. That the ulnar nerve is vulnerable to physiologic compresssion was a fact known to Gowers (1892) when he described 'ulnar nerve sleep palsy'. Budinger in 1894 described ulnar nerve palsies as a result of malpositioning at the operating table and since then sporadic reports have appeared describing the importance of proper positioning of the unconscious patient (Gurdjian, 1931; Clausen, 1942; Slocum, 1948; Dhuner, 1950) . Waltman (1930) while reporting on the causes of ulnar nerve lesions in 300 cases described a series of chronically bedridden patients who developed ulnar nerve lesions as a result of compression of the nerve against the epicondyle as the patient attempted to prop himself up in bed.
Vanderpool et al. (1968) described a patient who developed compression neuropathy of the ulnar nerve at the elbow during the period of attachment for a pectoral skin flap to the hand, emphasisng the role of flexion at the elbow.
In 1958 Feindel and Stratford described the narrowing of the cubital tunnel as the elbow is flexed, secondary to an elevation of floor of the tunnel and tightness of the inelastic roof. In 1957 Osborne described a band of fibrous tissue bridging the two heads of the flexor carpi ulnaris, compressing the ulnar nerve in the cubital tunnel, as it runs between the two heads of origin of the flexor carpi ulnaris muscle. He pointed out that the band is slack in full extension. However, as the elbow is flexed it starts to tighten at 45° of flexion and becomes taut with 90° of flexion.
Our patients were required to remain in the prone position to avoid pressure to the surgical sites following repair of their pressure ulcers. In order for the patient to be active in bed, while in the prone position, the elbows are maintained in the flexed position for long periods of time. Apfelberg and Larsen (1973) described the compromise of the condylar canal 2'5 mm smaller, with elbow flexion, in addition to the compromise of the cubital tunnel from elbow flexion.
Both of the above mentioned mechanisms would exist in such patients and in addition the weight of the head and trunk added additional external pressure to the ulnar nerve in the condylar canal, as it was pressed against the bed. This combination of factors is certainly capable of producing compression neuropathy. Wadsworth (1974) stated that it is doubtful if even minor compression palsy of the ulnar nerve, at the elbow, ever recovers fully. An example of this is shown by the lack of recovery for the right ulnar nerve in Case I. Surgical release of the nerve for this patient was discussed and refused by the patient. In contrary argument Eisen and Danon (1974) state that mild or early lesions will recover spontaneously as was seen in Case 2. The absence of clinical symptoms in our patient should not be accepted as reinforcing Brooks' (1963) argument that motor fibres can be significantly involved while sensory fibres are completely spared.
Summary
The main value of the electrodiagnostic testing in our patients was to detect early evidence of damage to the ulnar nerve. Although the patients frequently complained or joked about the need for the test, it focused their attention on our concern that the nerve might be damaged. As a result, whenever objective evidence of altered function was demonstrated patients and staff devoted more serious attention to avoid the potentially damaging positions of elbow flexion and propping on the elbows. It would appear from the findings in these cases that evidence of change in function is a much better indicator of damage than rigid criterion for normal (Eisen and Danon, 1974; Bhala, 1976) . It is suggested that serial motor nerve conduction studies are of value in detecting evidence of early damage to peripheral nerves, specifically the ulnar nerve, and if detected in time can prevent irreversible damage. 
